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(57) ABSTRACT

A vehicle front structure which includes a bracket and a
washer. The bracket 1s disposed between a part of a back
surface of a license plate and a front grille. The bracket
fastens the license plate to the front grille. The washer moves
forward on the back side of the license plate in an area
without the bracket 1n order to clean a sensing surface of a
sensor which monitors the front of the vehicle. The bracket
includes one or more of supporting portions which protrude
on the washer side and support the license plate from the
back side of the license plate.
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VEHICLE FRONT STRUCTURE

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority to Japanese Patent Appli-

cation No. 2019-207248 filed on Nov. 15, 2019, which 1s
incorporated herein by reference 1n its entirety including the
specification, claims, drawings, and abstract.

TECHNICAL FIELD

The present disclosure relates to a vehicle front structure,
in particular, to a vehicle front structure including a washer
which 1s disposed on the back side of a license plate to clean
a sensor which monitors the front of a vehicle.

BACKGROUND

A vehicle icludes various sensors to assist driving or
perform autonomous driving of the vehicle. Some sensors
which monitor the front of a vehicle are disposed near a
license plate. Because the sensing performance of these
sensors may be lowered due to dirt or other contamination
built up on a sensing surface (also called “sensor surface™)
of the sensor, the sensing surface 1s cleaned with a washer
which jets cleaning liquid or other material. The washer 1s
disposed near the sensing surface; for example, on the back

side of the license plate.

JP 2018-131044A discloses a vehicle front structure in
which a sensing surface (light emitting surface or light
receiving surface) of a laser for measuring a distance
between the vehicle itself and the vehicle 1n front for
autonomous driving 1s disposed below a license plate.

SUMMARY

Some vehicles include a washer which 1s movable along
a longitudinal axis of the vehicle on the back side of a license
plate. This washer moves forward to clean the sensing
surface of a sensor which monitors the front of the vehicle.
In such vehicles, the forward movement of the washer may
be blocked when the license plate 1s bent rearward due to
driving wind or other factors.

An object of the present disclosure 1s to prevent rearward
bending of a license plate which would block a forward
movement ol a washer disposed on the back side of the
license plate.

A vehicle front structure according to an embodiment of
the present disclosure includes a bracket which 1s disposed
between a part of a back surface of a license plate and a front
grille. The bracket fastens the license plate to the front grille.
The vehicle front structure also includes a washer which 1s
configured to move forward on the back side of the license
plate 1n an area without the bracket in order to clean a
sensing surface ol a sensor which monitors the front of a
vehicle. The bracket includes one or more supporting por-
tions which protrude on the washer side and support the
license plate from the back side of the license plate.

In a vehicle front structure according to the embodiment
of the present disclosure, the supporting portions of the
bracket may be disposed on respective sides of the washer
to thereby sandwich the washer.

In a vehicle front structure according to the embodiment
of the present disclosure, the sensor may be a LIDAR which
1s configured to sense an object 1n front of the vehicle.
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In a vehicle front structure according to the present
disclosure, the washer may be disposed below a body of the
bracket in order to clean the sensing surface which 1s

disposed below the license plate.

In a vehicle front structure according to another embodi-
ment of the present disclosure, the washer may be disposed
above a body of the bracket in order to clean the sensing
surface which 1s disposed above the license plate.

In a vehicle front structure according to yet another
embodiment of the present disclosure, the washer may be
disposed on the vehicle right (as used herein, “vehicle right”
refers to the nght side when viewed from the rear of the
vehicle) of a body of the bracket in order to clean the sensing
surface which 1s disposed on the vehicle right of the license
plate.

In a vehicle front structure according to yet another
embodiment of the present disclosure, the washer may be
disposed on the vehicle left (the left side when viewed from
the rear of the vehicle) of a body of the bracket in order to
clean the sensing surface which 1s disposed on the vehicle
left of the license plate.

According to the present disclosure, because the support-
ing portions of the bracket protrude on the washer side to
support the license plate from the back side thereof, rear-
ward bending of the license plate where the washer 1s
disposed can be prevented. Because space can be maintained
between the license plate and the washer, the forward
movement of the washer can be reliably performed.

BRIEF DESCRIPTION OF DRAWINGS

Embodiments of the present disclosure will be described
based on the following figures, wherein:

FIG. 1 1s an exploded perspective view of a front portion
of a vehicle on which a license plate 1s to be mounted,
according to an embodiment of the present disclosure;

FIG. 2 1s a front view of the front portion of the vehicle
on which the license plate 1s to be mounted;

FIG. 3A 1s a cross-sectional view taken along line A-A 1n
FIG. 2, showing a washer at a position when the washer does
not clean a sensing surface;

FIG. 3B 1s a cross-sectional view taken along line A-A 1n
FIG. 2, showing the washer at a position when the washer
cleans the sensing surface;

FIG. 4 1s a schematic front view of a front portion of a
vehicle on which a license plate 1s to be mounted, according
to another embodiment of the present disclosure; and

FIG. 5 1s a schematic front view of a front portion of a
vehicle on which a license plate 1s to be mounted, according
to yet another embodiment of the present disclosure.

DESCRIPTION OF EMBODIMENTS

Embodiments of the present disclosure are described
below with reference to the attached drawings. The configu-
rations described below are merely examples to describe the
present disclosure and may be changed according to speci-
fications or other requirements of a vehicle. Throughout the
drawings, the same reference numerals are assigned to
similar elements, and redundant description i1s omitted.
Throughout the drawings, FR, UP, and LH respectively
indicate the front, up, and lett of the vehicle. In description
below, “vehicle right” and “vehicle left” respectively refer to
the right side and the left side when viewed from the rear of
the vehicle.

FIG. 1 1s an exploded perspective view of a front portion
of a vehicle on which a license plate 12 1s to be mounted,
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according to an embodiment of the present disclosure; and
FIG. 2 1s a front view of the front portion of the vehicle on
which the license plate 1s to be mounted, according to the
embodiment of the present disclosure. The vehicle includes,
below the license plate 12, a sensing surface (also called
“sensor surface”) 18 of a laser imaging, detection and
ranging device (L1DAR) which senses an object in front of
the vehicle. The sensing surface 18 of the LiDAR emuts laser
light and receives retlected light from an object. The vehicle
1s configured to assist driving or perform autonomous driv-
ing using information sensed by the LiDAR.

As shown 1n FIG. 1, a vehicle front structure 10 according
to an embodiment of the present disclosure includes the
license plate 12, a front grille 16, and a license plate bracket
14 (also referred to simply as “bracket 14” below) which 1s
disposed between a part of the back surface of the license
plate 12 and the front grille 16 to fasten the license plate 12
to the front grille 16. FIGS. 1 and 2 show a part of the front
grille 16. In Japan, license plates are also called “number
plates”. The vehicle front structure 10 also includes a
L1DAR washer 20 (also referred to simply as “washer 20” or
“cleaning device 207”) which moves forward on the back side
of the license plate 12 in an area without the bracket 14 to
clean a sensing surface 18 of the LiDAR.

The front grille 16 includes a mesh-type grille portion 80,
a supporting beam member 82 which extends along a
transverse axis of the vehicle on the back side of the gnll
portion 80 and 1s united with the grille portion 80, and a
substantially trapezoidal front plate 60 which 1s centered
along the transverse axis of the vehicle at a lower portion. As
shown 1 FIG. 2, the front plate 60 of the front grnlle 16
includes two windows 62, 64, one above the other. The
sensing surface 18 of the LiDAR 1s located behind the lower
window 62, whereas the washer 20 1s located behind the
upper window 64. The sensing surface 18 of the LiDAR and
the front surface of the front plate 60 of the front grille 16
are substantially at the same position along the longitudinal
axis of the vehicle.

The washer 20 which includes a cover 72 at the front 1s
movable along the longitudinal axis of the vehicle. When not
washing the sensing surface 18, the washer 20 1s retracted
rearward such that the front surface of the cover 72 of the
washer 20 1s 1n the same plane as the front surface of the
front plate 60 of the front grille 16 (refer to FIG. 3A). As the
front plate 60 and the cover 72 form a flat front surface
together even without the license plate 12 and the bracket
14, the vehicle can maintain a smooth appearance at the
front. The reason for maintaining the smooth appearance of
the front of the vehicle without the license plate 12 and the
bracket 14 1s that the license plate 12 and the bracket 14 may
not be attached at the same positions as in the present
embodiment (vehicle transverse center at a lower portion) 1n
some countries or regions where the vehicle travels. In order
to wash the sensing surface 18 of the LiDAR, the washer 20
moves (pops) forward to jet cleaning liquid to the sensing
surface 18 (refer to FIG. 3B).

As shown 1n FIG. 1, the bracket 14 includes a bracket
body 40 (also referred to simply as “body 40” below) which
has a rectangular shape whose longer edges extend along the
transverse axis of the vehicle 1n the vehicle front view, and
two supporting portions 42 which protrude on the washer 20
side (downward) and support the license plate 12 from the
back side thereof. While, as shown in FIG. 2, the two
supporting portions 42 of the bracket 14 protrude on the
washer 20 side (downward), the two supporting portions 42
do not overlap with the cover of the washer 20 1n the vehicle
front view. The above description “two supporting portions
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42 which protrude on the washer 20 side” indicates that
while the supporting portions 42 of the bracket 14 protrude
on the washer 20 side with respect to the body 40 of the
bracket 14, the supporting portions 42 do not overlap with
the washer 20 1n the vehicle front view. The body 40 and the
supporting portions 42 of the bracket 14 surround a part of
the outer edges of the cover 72 of the washer 20. As shown
in FIG. 1, the bracket 14 has a certain thickness along the
longitudinal direction of the vehicle with the outer edges of
the body 40 and the supporting portions 42 protruding
rearward. The bracket body 40 includes two through holes
47 for fastening the bracket 14 to the front grille 16 and
another two holes 46 for attaching the license plate 12 to the
bracket 14. The two through holes 47 are provided inside
two recessed portions which are provided apart from each
other along the transverse axis of the vehicle at lower
positions of the bracket body 40, whereas the two holes 46
are located away from each other along the transverse axis
of the vehicle at upper positions.

The bracket 14 1s fastened to the front grille 16 with two
screws 30 which are inserted into the two through holes 47
of the bracket body 40 from the vehicle front side and
secured 1n the supporting beam member 82 of the front grille
16. The license plate 12 1s attached to the bracket 14 with
two bolts 32 which are inserted from the vehicle front side
into two through holes of the license plate 12 and threaded
into the two holes 46 of the bracket body 40. The license
plate 12 1s secured to the front grille 16 via the bracket 14.

As shown 1n FIG. 2, the washer 20 1s disposed on the back
side of the license plate 12 and the sensing surface 18 of the
L1DAR 1s disposed below the license plate 12. The washer
20 1s movable along the longitudinal axis of the vehicle 1n
an area below the bracket body 40 and between the sup-
porting portions 42 without the bracket in the front view of
the vehicle.

FIG. 3A shows the washer 20 at a position 1n the cross
section taken along line A-A 1n FIG. 2 when the washer 20
1s not cleaning the sensing surface, whereas FI1G. 3B shows
the washer 20 at a position 1n the cross section taken along
line A-A 1 FIG. 2 when the washer 20 1s cleaning the
sensing surface. The washer 20 includes a movable portion
70 which 1s movable along the longitudinal axis of the
vehicle, two cleaning liquid jet portions 73 disposed on the
respective sides of the movable portion 70 at the front, and
the cover 72 fixed at the center portion of the movable
portion 70 on the front end side. Each cleaning liquid jet
portion 73 includes, at the bottom, a nozzle 74 which jets the
cleaning liquid. As shown 1n FIG. 3A, because the support-
ing portions 42 have a certain thickness along the longitu-
dinal axis of the wvehicle, suflicient space 1s provided
between the license plate 12 and the washer before the
activation.

As shown 1n FIG. 3A, the washer 20 1s at a rear retracted
position when not cleaning the sensing surface of the
[L1IDAR. In contrast, as shown in FIG. 3B, during cleaning of
the sensing surface of the LiDAR, the movable portion 70 of
the washer 20 advances such that the two cleaning liquid jet
portions 73 of the washer 20 are moved forward from the
front grille between the two supporting portions 42 to a
position where the two nozzles 74 are placed at a position
along the longitudinal axis of the vehicle to be able to jet the
cleaning liquid to the sensing surface of the LiDAR. At the
position shown in FIG. 3B, the cleaning liquid jet portions
73 of the washer 20 jet the cleaning liquid downward from
the nozzles 74. In this way, dirt, mud, and so forth accu-
mulated on the sensing surface of the LiDAR are cleaned
with the cleaning liquid, thereby preventing degradation of
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the sensing performance of the LiDAR due to the accumu-
lation of dirt and so forth. When the cleaning of the sensing
surface finishes, the movable portion 70 of the washer 20 1s
retracted such that the washer 20 returns to a position shown
in FIG. 3A.

According to the vehicle front structure 10 of the embodi-
ment of the present disclosure described above, the support-
ing portions 42 of the bracket 14 are disposed on respective
sides of the washer 20 to sandwich the washer 20 to support
the license plate 12 from the back side thereof. In this way,
at the position where the washer 20 1s disposed, the license
plate 12 1s prevented from deforming (bending) toward a
moving area of the washer 20 due to driving wind or other
factors, and suflicient space (to allow the washer 20 to
operate) between the license plate 12 and the washer 20 can
be maintained. As a result, the license plate 12 does not
block the forward movement of the washer 20.

The vehicle front structure 10 according to the above
described embodiment 1s configured with the washer 20
disposed below the body 40 of the bracket 14 1n order to
clean the sensing surface 18 of the LiDAR disposed below
the license plate 12. However, as shown in FIG. 4, the
vehicle front structure 10 may be configured with the washer
20 disposed above the body of the bracket 14 in order to
clean the sensing surface 18 of the LiDAR disposed above
the license plate 12. It should be noted that, in FIG. 4 and
FIG. § described below, the front grille, and the detail
structures of the brackets 14A, 148 are omitted. In a vehicle
front structure 10A shown 1n FIG. 4, the supporting portions
42 of the bracket 14A protrude upward on respective sides
of the washer 20 to sandwich the washer 20. The washer 20
moves forward on the back side of the license plate 12 and
cleans the sensing surface 18 of the LiDAR by jetting the
cleaning liquid upward. The vehicle front structure 10A has
the same eflects as the vehicle front structure 10 described
above.

As shown 1n FIG. 5, a vehicle front structure 10B may be
configured with the washer 20 disposed on the vehicle right
of the body 40 of a bracket 14B 1n order to clean the sensing
surface 18 of the LiDAR disposed on the vehicle right of the
license plate 12. In the vehicle front structure 10B shown 1n
FIG. 5, the supporting portions 42 of the bracket 14B on
respective sides (above and below) of the washer 20 pro-
trude vehicle nghtward to thereby sandwich the washer 20.
The washer 20 moves forward on the back side of the license
plate 12 and cleans the sensing surface 18 of the LiDAR by
jetting the cleaning liquid vehicle rightward. The vehicle
front structure 10B has the same eflects as the vehicle front
structure 10 described above.

The vehicle front structure 10B 1n FIG. 5 may have a
vertically symmetric configuration. Specifically, the vehicle
front structure 10B may be configured with the washer 20
disposed on the vehicle left of the body 40 of the bracket
14B 1n order to clean the sensing surface 18 of the LiDAR
disposed on the vehicle left of the license plate 12. In this
configuration, the supporting portions 42 of the bracket 14B
protrude vehicle leftward on the respective sides (above and
below) of the washer 20 to thereby sandwich the washer 20.
The washer 20 moves forward on the back side of the license
plate 12 and cleans the sensing surface 18 of the LiDAR by
jetting the cleaning liquid vehicle leftward. The vehicle front
structure 10B having this configuration has the same eflects
as the vehicle front structure 10 described above.

The vehicle front structures according to the above
described embodiments of the present disclosure include a
L1DAR which 1s one type of sensor to monitor the front of
the vehicle. However, the vehicle front structure may
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include a sensor of another type to monitor the front of the
vehicle and clean the sensing surface of the sensor with the
washer 20. Other vehicle front monitoring sensors include,
for example, laser sensors, infrared sensors, and cameras,
but are not limited to these examples. The sensing surface
indicates either one or both of the surface which emits
signals for sensing such as electromagnetic waves (including
light) and the surface which receives signals such as elec-
tromagnetic waves (including light). When the sensor emits
or recerves the signals through a translucent cover or another
element, a surface of the cover or the other element 1s also
a sensing surface. When the sensor 1s a camera, a lens
surface or a surface of a translucent cover over the front of
the lens 1s also a sensing surface.

The washer 20 according to the above described embodi-
ments 1s configured to clean the sensing surface of a sensor
by jetting cleaning liquid. However, the washer 20 may be
configured to clean the sensing surface by jetting air 1n place
of or in addition to the cleaning liquid.

The supporting portions 42 of the bracket according to the
above described embodiments are disposed on respective
sides (right and left, or above and below) of the washer 20
to thereby sandwich the washer 20. However, the supporting
portions 42 of the bracket may be disposed on one side (right
or left, or above or below) of the washer 20. Further, the
supporting portions 42 of the bracket may be provided
separately from the body 40 of the bracket and fastened to
the body 40. No particular limitations are imposed on the
number, width, length, shape, and materal of the supporting
portions 42.

The mvention claimed 1s:

1. A vehicle front structure comprising:

a bracket disposed between a part of a back surface of a
license plate and a front grille, the bracket fastening the
license plate to the front grille; and

a washer having a nozzle, the washer configured to move
forward, 1n a vehicle longitudinal direction, towards a
back side of the license plate in an area without the
bracket in order to clean a sensing surface of a sensor

which monitors the front of a vehicle, wherein

the washer 1s positioned rearward of the back surface of
the license plate in a non-cleaning position and a
cleaning position, and

the bracket comprises one or a plurality of supporting
portions protruding on the washer side and supporting
the license plate from the back side thereof.

2. The vehicle front structure according to claim 1,

wherein

the plurality of supporting portions of the bracket are
disposed on respective sides of the washer to thereby
sandwich the washer.

3. The vehicle front structure according to claim 1,

wherein

the sensor 1s a LiIDAR configured to sense an object 1n
front of the vehicle.

4. The vehicle front structure according to claim 1,

wherein

the washer 1s disposed below a body of the bracket 1n
order to clean the sensing surface disposed below the
license plate.

5. The vehicle front structure according to claim 1,

wherein

the washer 1s disposed above a body of the bracket 1n
order to clean the sensing surface disposed above the
license plate.

6. The vehicle front structure according to claim 1,

wherein
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the washer 1s disposed on the vehicle right of a body of the
bracket 1n order to clean the sensing surface disposed
on the vehicle right of the license plate.

7. The vehicle front structure according to claim 1,
wherein

the washer 1s disposed on the vehicle left of a body of the
bracket 1n order to clean the sensing surface disposed
on the vehicle left of the license plate.

8. A vehicle front structure comprising:

a bracket disposed between a part of a back surface of a
license plate and a front grille, the bracket fastening the
license plate to the front grille; and

a washer configured to move forward, 1n a vehicle lon-

gitudinal direction, towards a back side of the license
plate 1n an area without the bracket 1n order to clean a
sensing surface of a sensor which monitors the front of
a vehicle, from a non-cleaning position to a cleaning
position, wherein

10

15

the washer 1s positioned rearward of the back surface of 20

the license plate 1n the non-cleaning position and the
cleaning position, and

the bracket comprises one or a plurality of supporting
portions protruding on the washer side and supporting
the license plate from the back side thereof.

9. The vehicle front structure according to claim 8,
wherein

25

8

the plurality of supporting portions of the bracket are
disposed on respective sides of the washer to thereby
sandwich the washer.
10. The vehicle front structure according to claim 8,
wherein
the sensor 1s a LiIDAR configured to sense an object 1n
front of the vehicle.
11. The vehicle front structure according to claim 8,
wherein
the washer 1s disposed below a body of the bracket 1n
order to clean the sensing surface disposed below the
license plate.
12. The vehicle front structure according to claim 8,
wherein
the washer 1s disposed above a body of the bracket 1n
order to clean the sensing surface disposed above the
license plate.
13. The vehicle front structure according to claim 8,
wherein
the washer 1s disposed on the vehicle right of a body of the
bracket in order to clean the sensing surface disposed
on the vehicle right of the license plate.
14. The vehicle front structure according to claim 8,
wherein
the washer 1s disposed on the vehicle left of a body of the
bracket in order to clean the sensing surface disposed
on the vehicle left of the license plate.
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